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1  | INTRODUC TION

Tea is one of the most consumed beverages around the world, sec-
ond only to water (Damiani, Bacchetti, Padella, Tiano, & Carloni, 
2014). It is the processed buds and leaves of the Camellia sinensis 
(L.) plant, which can be generally classified as green, black, white, 
oolong, dark, and yellow tea with different degrees of oxidation 
of polyphenols. In Europe and America, white tea is more popular 
than green tea due to its special flavor (Almajano, Carbó, Jiménez, 
& Gordon, 2008), and its popularity in China is increasing rapidly. In 
the processing of white tea, young tea leaves or buds are chosen as 
raw materials, then spread out to dry in the sun. White Peony (tra-
ditionally named Bai Mudan) and Silver Needle (traditionally named 
Baihao Yinzhen) are the main kind of white tea. The former white 
tea is produced with a bud and one leaf or two, with a light golden- 
brown brewed infusion and a pleasing roasted aroma. Subsequently, 

it is processed purely from the unopened buds of the plant, with a 
light yellow infusion.

Many bioactive functions of white tea have been reported in pre-
vious research, including cytoprotective effects (Yen et al., 2013), 
inhibition of de novo lipogenesis (Sohle et al., 2009), improvement 
of glucose tolerance ability (Islam, 2011), apoptotic effects in non–
small- cell lung cancer cells (Mao et al., 2010), and protection on cu-
taneous immunity against detrimental effects of UV (Camouse et al., 
2009). In some provinces of China, white tea can be used as folk 
medicine for child flu and diabetes.

White tea can be stored for prolonged periods. Slight fermen-
tation and alteration in chemical constituents is occurring during 
storage time, leading to distinct flavor and enhanced bioactivities. 
However, details of compositional changes of white tea at different 
storage stages remain unclear. Therefore, in the present study, white 
tea with a storage time of 1 year (WT- 1), 3 years (WT- 3), and 5 years 

 

Received: 4 July 2018  |  Revised: 4 November 2018  |  Accepted: 7 November 2018

DOI: 10.1002/fsn3.899

O R I G I N A L  R E S E A R C H

Effect of storage time on antioxidant activity and inhibition on 
α- Amylase and α- Glucosidase of white tea

Ping Xu1,2  | Lin Chen1 | Yuefei Wang1,2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.

1Department of Tea Science, Zhejiang 
University, Hangzhou, China
2Development and Quality 
Improvement, Key Laboratory of 
Horticultural Plant Growth, Chinese Ministry 
of Agriculture, Hangzhou, China

Correspondence
Ping Xu and Yuefei Wang, Department of 
Tea Science, Zhejiang University, Hangzhou, 
China.
Emails: zdxp@zju.edu.cn; zdcy@zju.edu.cn

Funding information
Science and Technology Department of 
Guangdong Province, P. R. China, Grant/
Award Number: 2016B090918118

Abstract
White tea is considered as a special kind of tea not only for its simplest process, but 
also for its endurable storage. However, little studies have been done about the 
changes of white tea with increasing aging time, including its composition and health- 
imparting effects. In the present work, white tea aged 1 year (WT- 1), 3 years (WT- 3), 
and 5 years (WT- 5) were collected. Their major chemical compounds, antioxidant ac-
tivities, and inhibitory effects on α- Amylase and α- Glucosidase were evaluated. 
Results showed that white tea of different storage time showed good antioxidant 
activity in DPPH, ABTS, and FRAP assay, which decreases with the prolongation of 
storage time. The inhibitory effects on α- Amylase and α- Glucosidase which are key 
enzymes related to type II diabetes in vitro, are also observed in the similar trend. 
Meanwhile, prolongation of storage time decreased the content of polyphenols, the 
main bioactive compounds in tea, which may lead to decrease in the activities 
investigated.
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(WT- 5) were chosen. Their major chemical components, antioxidant 
activities, and inhibitory effects on α- Amylase and α- Glucosidase 
were evaluated.

2  | MATERIAL S AND METHODS

2.1 | Chemicals

All the catechin standards, 1,1- diphenyl- 2- picrylhydrazyl (DPPH), 
2,4,6- tripyridyl- s- triazine (TPTZ), 2,2’- azinobis (3- ethylbenzothiaz
oline- 6- sulfonic acid) diammonium salt (ABTS), porcine pancreatic 
α- Amylase (EC 3.2.1.1), and α- Glucosidase (EC 3.2.1.20) were ob-
tained from Sigma Chemical Corporation(Missouri, USA). Acarbose 
was purchased from Tokyo Chemical Industry Corporation. (Tokyo, 
Japan). Other chemicals and reagents used in the experiments were 
analytical grade or chromatographic grade.

2.2 | Tea samples and preparation of 
aqueous infusion

White tea stored for 1 year (WT- 1), 3 years (WT- 3), and 5 years (WT- 
5), respectively, were purchased from Fujian Green Leaf Tea Industry 
Co., Ltd. (Fujian, China). First, 2.50 g white tea samples were soaked 
in boiled water at 1:50 (w:v, ratio) for 15 min before filtered through 
filter paper. The same soaking and filtering operations above were 
repeated again with filter residue. Finally, all filtrates above were 
merged and distilled water was added to bring the final volume to 
250 ml.

2.3 | Determination of total phenols content (TPC)

Total phenols content in tea infusion was determined according 
to the Folin- Ciocalteu method (Shetty, Curtis, & Levin, 1996). 95% 
ethanol (1 ml), distilled water (5 ml), 50% (v:v) Folin- Ciocalteu rea-
gent (0.5 ml), and sample infusion (1 ml) were added into test tube 
and well mixed. Five minutes later, 5% Na2CO3 (1 ml) was added to 
previous reaction mixture. Finally, sample mixtures were left for 1 h 
at room temperature. The absorbance of final reaction mixture was 
read at 760 nm. Various concentrations of gallic acid standard solu-
tion were used to establish the standard calibration curve, and the 
results of total phenols content were showed as percents of tea sam-
ple in dried weight.

2.4 | Determination of protein content (PC) in 
tea infusion

The protein content in tea infusion was determined by a slightly re-
vised method of Bradford’s (1976). Coomassie Brilliant Blue G- 250, 
95% ethanol, and 85% phosphoric acid were used to prepare protein 
reagent. 1 ml of tea infusion and 5 ml protein reagent were added to 
the test tube. The absorbance of mixture was measured at 595 nm 
after 5 min. Bovine serum albumin was used as the standard to be 

utilized to establish the standard calibration curve, and the results 
of protein content were showed as percents of tea sample in dried 
weight.

2.5 | Determination of free amino acid content 
(AAC)

Amino acid content was evaluated by nihydrin colorimetry. A 
sample infusion (1 ml) was added to a volumetric flask (25 ml -  ca-
pacity), mixed with pH 8.04 phosphate buffer (0.5 ml) and 2% nin-
hydrin solution (0.5 ml). The total mixture was heated for 15 min 
in boiling water bath. When cooled at room temperature, distilled 
water was added to bring it up to 25 ml. Absorbance of reaction 
mixture was measured at 570 nm. Various concentrations of thea-
nine were used as standard solution to establish the standard 
calibration curve, and the results were shown as percents of tea 
sample in dried weight.

2.6 | Determination of total soluble sugar content 
(TSSC)

According to the anthrone- sulphuric acid method (Morris, 1948), 
total soluble sugar content was determined. Glucose was used as a 
standard in this method, and the results were shown as percents of 
tea sample in dried weight.

2.7 | Determination of catechins and caffeine

The analysis of catechins and caffeine content was performed by 
HPLC on a SHIMADZU liquid chromatograph with the Absorbance 
Detector set at 280 nm. The freshly prepared infusions were filtered 
and injected through a 4.5 μm membrane filter. The solvent composi-
tions included solvent A (acetic acid/acetonitrile/water, 0.5/3/96.5, 
v:v:v) and solvent B (acetic acid/ acetonitrile /water, 0.5/30/69.5, 
v:v:v) (Jie et al., 2006). The analysis conditions were as follows: 10 μl 
of injection volume, TC- C18 5 μm, 1 ml/min flow rate of solvent com-
positions. During gradient elution, the solvent B increased linearly 
from 20% to 65% of the proportion in 35 minutes, and then kept 
at 20% for a further 5 min. Identification and quantification of cat-
echins and caffeine was according to their retention time and peak 
area with corresponding standards.

2.8 | DPPH assay

The scavenging activity of white tea on DPPH free radical was 
assessed by the method of Ye and Huang (2012) with some ad-
justment. 0.2 ml of sample infusion previously diluted 10- fold, or 
a certain concentration of EGCG (>95%) solution was mixed with 
3 ml of 0.1 mM DPPH ethanolic solution. The mixture was incu-
bated in the dark for half an hour at 25°C. Measure the absorb-
ance at 517 nm. The DPPH scavenging activity was calculated 
using Eq 1.

(1)DPPH SA(%)= (1−As∕Ac)×100
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where DPPH SA means DPPH scavenging activity, As and Ac are de-
fined as absorbance of the sample and the control, respectively.

2.9 | ABTS assay

ABTS assay was performed by Pellegrini’s method (Pellegrini, Re, 
Yang, & Rice- Evans, 1999). The ABTS cation radical was generated 
by mixing 7 mM ABTS and 2.45 mM K2S2O8 solution, then incubated 
in the dark for 12–16 hr. This solution was diluted with distilled water 
to obtain an absorbance of 0.70 ± 0.02 at 734 nm before being used. 
3 ml of ABTS cation radical solution was added to 0.1 ml of sam-
ple infusion previously diluted 10- fold, or a certain concentration of 
EGCG (>95%) solution, or water as control. Six minutes later, the ab-
sorbance of mixture was measured at 734 nm. The ABTS scavenging 
activity was calculated by Eq 2.

where ABTS SA means ABTS scavenging activity, As and Ac are de-
fined as absorbance of the sample and the control, respectively.

2.10 | Ferric- reducing antioxidant power 
(FRAP) assay

The FRAP was carried out according to Benzie and Strain (1999). 10 
vol of 300 mM acetate buffer (pH 3.6), 1 vol of TPTZ (10 mM) in HCl 
(40 mM) and 1 vol of FeCl3 (20 mM) were mixed to prepare the work-
ing FRAP reagent which would be incubated at 37°C. The absorbance 
of reagent blank reading was measured at 593 nm. Then, 0.5 ml of 
sample infusion or a certain concentration of EGCG (>95%) solution 
was added to 5 ml of the FRAP reagent. 8 min later, a second reading 
was carried out at the same wavelength. The FRAP value of the sam-
ple infusion was determined by subtraction of the initial blank reading 
with the FRAP reagent alone from the final reading of the FRAP rea-
gent with the sample. A standard curve was made by utilizing various 
concentrations (50–1000 μM) of FeSO4. The ability of ferric- reducing 
was expressed as the equivalent to that of 1 μM FeSO4.

2.11 | α- Amylase inhibition assay

The method of Gonzalez- Munoz, Quesille- Villalobos, Fuentealba, 
Shetty, and Galvez Ranilla (2013) was performed with some modi-
fication to measure the α- Amylase inhibitory activity of the white 
tea. 250 μl of each infusion sample or a certain concentration of 
acarbose solution was mixed with 0.02 M sodium phosphate buffer 
(125 μl, pH 6.9 with 13 U/ml α- Amylase solution and 6 mM NaCl) and 
incubated at 25°C for 10 min. After preincubation, 250 μl of a 1% 
starch solution in 0.02 M pH 6.9 sodium phosphate buffer (contain-
ing 6 mM NaCl) was added to test tube at timed intervals. The reac-
tion mixture was then incubated at 25°C for 10 min. The reaction 
was stopped after adding dinitrosalicylic acid color reagent (1.0 ml). 
The test tubes were incubated in a boiling water bath for 5 min 
and cooled to room temperature. Subsequently, the reaction mix-
ture was diluted by adding 7 ml of distilled water and measured at 
540 nm. Sample blanks and the control were determined at the same 
wavelength. Inhibitory activity was presented as inhibition percent 
and was calculated as in Eq 3.

where AI means α- Amylase inhibition, As, As.b and Ac are absorbance 
of the sample, sample blank (buffer in place of enzyme solution), and 
the control (buffer instead of sample infusion), respectively.

2.12 | α- Glucosidase inhibition assay

The assay for measuring α- Glucosidase inhibitory activity of the 
white tea was carried out according to the method of Apostolidis 
and Lee (2010) with some modification. Sample infusion or acarbose 
solution (50 μl) was mixed with 0.1 M phosphate buffer (100 μl, pH 
6.9 with 1 U/ml α- Glucosidase). Then the mixture was incubated in 
96 well plates at 25°C for 10 min. After preincubation, 0.1 M phos-
phate buffer solution (50 μl, pH 6.9 with 5 mM pNPG) was added 
into each well at timed intervals. Subsequently, the reaction mixture 
was incubated at 25°C for 5 min. Before and after incubation, ab-
sorbance was read at 405 nm by microplate reader (Infinite® M200 
Pro, TECAN, Switzerland). Buffer instead of sample infusion was uti-
lized as the control. The α- Glucosidase inhibitory activity was pre-
sented as inhibition percent and was calculated as in Eq 4.

where GI means α- Glucosidase inhibition, As and Ac are absorbance 
of the sample and the control, respectively.

2.13 | Statistical analysis

The results are expressed as mean ± standard deviation (SD, n = 3), 
analyzed by analysis of variance (ANOVA) and Tukey’s test using SAS 
system for windows (version 9.1). Pearson correlations were calcu-
lated by SPSS 19.0. The results were considered significantly differ-
ent when p < 0.05.

(2)ABTS SA(%)= (1−As∕Ac)×100

(3)AI(%)= [Ac− (As−As,b)]∕(Ac−Ab)×100

(4)GI(%)= (1−As∕Ac)×100

TABLE  1 Chemical analysis of white tea (WT- 1, WT- 3, WT- 5)

Samples WT- 1 WT- 3 WT- 5

Total phenols 
(%)

19.79 ± 0.23a 18.17 ± 0.04b 17.36 ± 0.24b

Catechins (%) 12.57 ± 0.08a 11.56 ± 0.10b 9.40 ± 0.06c

EGCG (%) 6.63 ± 0.07a 5.01 ± 0.12b 3.82 ± 0.08c

Protein (%) 3.91 ± 0.09a 3.67 ± 0.04a 3.13 ± 0.02b

Free amino 
acid (%)

2.96 ± 0.03a 2.70 ± 0.05b 2.92 ± 0.02a

Total soluble 
sugar (%)

3.62 ± 0.10b 3.78 ± 0.07b 4.17 ± 0.10a

Caffeine (%) 4.20 ± 0.04a 4.27 ± 0.05a 4.15 ± 0.04a

a-cDifferent letters in the same column mean a difference at significant 
level (p < .05). 
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3  | RESULTS

3.1 | Chemical composition

The chemical compositions of white tea are presented in Table 1. 
It can be seen that total soluble sugar content of white tea (TSSC, 
3.62%–4.17%) significantly improved with the duration of stor-
age time, while total phenols content (TPC, 17.36%–19.79%), total 
catechins contents (TCC, 9.40%–12.57%), EGCG content (3.82%– 
6.63%), protein content (PC, 3.13%–3.91%), and caffeine content 
(4.15%–4.27%) showed no difference among samples. There was no 
linear change trend in amino acid content (AAC, 2.70%–2.96%).

3.2 | Antioxidant activity

The results obtained from DPPH assay reported in Figure 1 showed 
that all sample infusions had significantly stronger DPPH scaveng-
ing effects compared to EGCG (50 μg/ml). Furthermore, the highest 
scavenging activity was observed in WT- 1, lower in WT- 3, and low-
est in WT- 5. Similar result can also be seen in ABTS assay (Figure 2). 
WT- 1 showed significantly better scavenging effects on ABTS than 
EGCG (50 μg/ml), while WT- 3 possessed no significant difference 
and WT- 5 exhibited weaker scavenging effects compared to that 
of EGCG. The antioxidant potential of white tea was also estimated 
from FRAP assay (Figure 3). WT- 1 showed significantly stronger re-
ducing ability than both WT- 3 and WT- 5, but they all had greater 
reducing ability than EGCG (50 μg/ml). A significant correlation was 
found between DPPH assay and TPC (r2 = 0.986), TCC (r2 = 0.925), 
EGCG (r2 = 0.986), APC (r2 = 0.936) in Table 2. The similar correlation 

was showed between ABTS assay and TPC, EGCG, APC.

3.3 | Inhibitory effects on α- Amylase and α- 
Glucosidase

α- Amylase inhibitory levels are expressed in Figure 4. It can be 
found that WT- 1 performed better compared to both WT- 3 and WT- 
5, when all tested samples had significantly better suppressive ef-
fects than acarbose (0.01 g/L). However, WT- 3 and WT- 5 exhibited 
weaker inhibitory activity than 0.1 g/L of acarbose. So, the inhibi-
tory activity of those white tea samples might have weaker inhibi-
tory activity as storage time prolonged. The correlations between 
α- Amylase inhibition and main chemical components of white tea are 
characterized in Table 2. Obviously, α- Amylase inhibition had a good 
correlation with TPC (r2 = 0.857) and EGCG (r2 = 0.842).

F IGURE  1 DPPH radical scavenging activity (DPPH SA) of 
WT- 1, WT- 3, WT- 5, and EGCG. Bars with different letters are 
significantly different at p < 0.05. WT- 1, WT- 3, WT- 5, means white 
tea had been stored for different years (1, 3, 5)

F IGURE  2 ABTS radical scavenging activity (ABTS SA) of WT- 1, 
WT- 3, WT- 5, and EGCG. Bars with different letters are significantly 
different at p < 0.05

F IGURE  3 FRAP value of WT- 1, WT- 3, WT- 5, and EGCG. Bars 
with different letters are significantly different at p < 0.05
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3.4 | Inhibitory effects on α- Glucosidase

The α- Glucosidase inhibitory activity of white tea is shown in 
Figure 5. It was interesting to observe that WT- 1, WT- 3, and WT- 5 
had excellent suppressive effects on α- Glucosidase, moreover, sig-
nificantly better than acarbose (1 g/L). The best performance was 
seen in WT- 1, while WT- 5 showed it was the weakest. This trend 
was similar in α- Amylase inhibition. The correlations between α- 
Glucosidase inhibition and the main chemical components of white 
tea are also shown in Table 2. Apparently, α- Glucosidase inhibition 
was well correlated with those compounds (TPC, r2 = 0.947; TCC, 
r2 = 0.974; EGCG, r2 = 0.988; TPC, r2 = 0.947).

4  | DISCUSSIONS

White tea, processed only through sun withering and drying, is a 
special category of tea. Contents of chemical components may dif-
fer from those in other categories of tea, to some extent. Same as 
dark tea, white tea can also be stored for prolonged periods with 
complicated reactions taking place among internal compounds. 
Jian- Yong et al. (2011) reported the results of 32.23–33.28 mg/g 
of total soluble sugar content, 26.36–26.7 mg/g of polysaccha-
rides, 40.33–51.58 mg/g of amino acid content in White Peony (a 
kind of white tea). The results obtained from the literature showed 
the tested white tea contained 16.23%–25.95% tea polyphenols, 
7.79%–16.25% catechins, 5.2%–9.4% EGCG, and 3.35%–5.74% 
caffeine (Hilal & Engelhardt, 2007). In comparison with other cat-
egories of tea, white tea contains more amino acids and caffeine. 
Therefore, it is apparent that the results of contents showed in 
this study were similar to those reports above. Moreover, stor-
age time can also exert great impact on the changes in chemical 
components contents whose trends are not same. Catechins would 
automatically oxidize and polymerize when tea are stored. So it 
was seen in this study that total phenolic content (TPC), total cat-
echin content (TCC), and EGCG significantly decreased when stor-
age time became longer. However, flavonoids content increased as 
storage time went by, which may due to the structure changes in 
polyphenols (Shetty et al., 1996). Hydrolysis of protein resulted in 
loss, which could explain the decreasing trend of protein content 
(PC) in various storage time. This hydrolysis can also increase free 
amino acid content, to some degree. However, amino acid itself can 
undergo oxidation and decomposition. There was no significant 
change of caffeine content when tea was stored for 5 years in this 
study, which may result from its relative stability. As a main solu-
ble sugar in tea, tea polysaccharides are always bound with protein 
and polyphenols. Because of hydrolysis of protein and oxidation of 
polyphenols as aging time went go, more polysaccharides might be 
exposed, resulting in the increase. Therefore, total soluble sugar 
content (TSSC) in white tea may have slight increasing trend in first 
few years during storage.

Reactive and nitrogen species (RNOS) are produced every mo-
ment in human body. It can be safe when RNOS are at a normal level, 
which owes to the efficient enzymatic and non- enzymatic defense 
systems in most living organisms. However, aging and external fac-
tors, such as smoking, alcohol, drug, or diet, can impair the ability 
of such antioxidant protection. Tea is regarded as potent antioxi-
dant agent with its protection against many deleterious diseases 
(Alarcon, Campos, Edwards, Lissi, & Lopez- Alarcon, 2008; Almajano 
et al., 2008). DPPH, ABTS, and FRAP assays, working on different 
principles, are common methods used for evaluating antioxidant ca-
pabilities of substances. Since no single assessment of antioxidant 
capability is enough (Prior & Cao, 1999), those different assays were 
all chosen in the present study. The results in this study revealed 
that white tea had great capacity of scavenging free radicals or 
possessed excellent antioxidant activities, in accordance with pre-
vious studies. Carloni et al. (2013) showed the order of antioxidant 

F IGURE  4  Inhibition of WT- 1, WT- 3, WT- 5, and acarbose on 
α- Amylase (AI). Bars with different letters are significantly different 
at p < 0.05

F IGURE  5  Inhibition of WT- 1, WT- 3, WT- 5, and acarbose on 
α- Glucosidase (GI). Bars with different letters are significantly 
different at p < 0.05
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profile of various tea: green ≥ low- caffeine green > white ≥ black 
Orthodox > black CTC, carried out by ABTS, ORAC and LDL assays. 
Almajano et al. (2008) observed that white tea had an antioxidant ac-
tivity comparable to green tea, due to its highest radical- scavenging 
activity.

There are small differences in results among DPPH, ABTS, and 
FRAP assays, but a general trend in antioxidant effects could be as 
follows: WT- 1 > WT- 3 > WT- 5, which apparently showed that an-
tioxidant effect became weaker with increasing storage time. The 
results are totally different from the original saying mentioned in 
folk society. It is commonly known that antioxidant activity is closely 
related to the various internal bioactive components in tea. Among 
those constituents, phenolic compounds are considered to be the 
main and potent antioxidants. There are relatively high concentra-
tions of tea polyphenols in dried white tea. And significantly higher 
concentrations of total polyphenols, total catechins, caffeine, gallic 
acid, theobromine, EGCG, EGC, and ECG were observed in white 
tea, compared to green tea (Hilal & Engelhardt, 2007; Santana- Rios 
et al., 2001). As effective antioxidants, they can scavenge superox-
ide, peroxyl radicals, singlet oxygen, peroxynitrite and hypochlorous 
acid (Guo et al., 1999; Haenen, Paquay, Korthouwer, & Bast, 1997; 
Nakagawa & Yokozawa, 2002; Nanjo et al., 1993; Paquay et al., 
2000; Scott, Butler, Halliwell, & Aruoma, 1993), due to their struc-
tures of A- ring (hydroxyl groups at the 5 and 7 positions), B- ring 
(the ortho- 3’,4’- dihydroxyl (catechol) group or the 3’,4’,5’- trihydroxyl 
(gallate) group) and C- ring (a gallate group esterified at the 3 posi-
tion) (Rice- Evans, Miller, & Paganga, 1996; Wiseman, Balentine, & 
Frei, 1997). In the present study, significant correlations were found 
between DPPH (or ABTS, FRAP) assay, and TPC, TCC. Thus, it was 
not strange that antioxidant activity of white tea became weaker 
when it was stored for a certain time paralleled with the loss of 
polyphenols. It was interesting to find that albumin and globulins 
exhibited the antioxidant activity with scavenging •OH. Antioxidant 
peptide also showed great scavenging capability to hydroxyl radical 
and superoxide anion radical in green tea, which may exist in white 
tea as well.

α- Amylase and α- Glucosidase play key roles in carbohydrate 
digestion. Dietary carbohydrates are degraded into disaccharides 
depending on α- Amylase (Satoh, Igarashi, Yamada, Takahashi, & 
Watanabe, 2015). In the small intestine, those disaccharides (such 
as maltose and sucrose) are degraded into monosaccharides (such as 
glucose) by α- Glucosidase, prior to absorption (Fatmawati, Shimizu, 
& Kondo, 2011; Oboh, Raddatz, & Henle, 2009). Inhibition on α- 
Amylase and α- Glucosidase to a certain degree can decrease the rate 
of starch digestion, slowing down the increase of postprandial blood 
glucose content. So α- Amylase and α- Glucosidase are considered as 
therapeutic targets for modulation of postprandial hyperglycemia 
in type 2 DM. In the present study, a better inhibitory effect on α- 
Amylase was seen in white tea than in acarbose, and these effects 
decreased with the prolongation of storage time. The same trend 
was found in the inhibition on α- Glucosidase. And stronger inhibi-
tion on α- Glucosidase than that on α- Amylase can also be observed, 
which indicates that there exists potential strength in white tea with 

less adverse effects. Because undigested carbohydrate can be fer-
mented in large bowel by bacteria with its inhibition on pancreatic 
α- Amylase, this may induce some adverse effects (Samulitis, Goda, 
Lee, & Koldovsky, 1987). This feature was also reported in black tea 
(Satoh et al., 2015). Mechanism action of inhibition on α- Glucosidase 
may differ from α- Amylase. The present study implied that poly-
phenol compounds may possess inhibitory effects on α- Amylase 
and α- Glucosidase, which were also reported in other literatures. 
Polyphenol- rich extracts of jute leaf (Corchorus olitorius) had good 
enzyme inhibitory activity on both α- Amylase and α- Glucosidase 
(Oboh et al., 2009). High phenolic- linked medicinal plants such as 
Chancapiedra possessed high inhibition on α- Glucosidase, but their 
inhibition on α- Amylase was much lower (Ranilla, Kwon, Apostolidis, 
& Shetty, 2010). Mixed components possess a stronger inhibition 
than a single component. EGC showed the best inhibitory effect 
on α- Amylase among several monomers (EGCG, ECG, EGC, EC), but 
was weaker than tea polyphenols extracts. The potential inhibition 
mechanism was reported by Koh, Wong, Loo, Kasapis, and Huang 
(2010). Amino acid residue of enzymatic non- active site would be 
combined with benzene ring of polyphenol through its hydrogen- 
bonding interaction and hydrophobic interaction, thus may reduce 
the activity of α- Amylase or α- Glucosidase. Ademiluyi and Oboh 
(2013) reported that the antioxidant activity of phenolics may affect 
the 5 disulfide bridges located on the external surface of amylase, 
inducing inhibition by modulating changes in the structure of the en-
zyme. During the storage time, polyphenols, the main components 
of white tea, got less. So it was natural to observe that inhibitory 
activity on α- Amylase or α- Glucosidase was weaker as time went by. 
It implied that keeping proper storage conditions was very important 
for white tea customers, no matter if they would like to preserve it 
or not.

5  | CONCLUSIONS

Based on the results obtained, it was concluded that all white tea 
aged 1, 3, and 5 years possessed potent antioxidant activity and 
inhibitory effects on key enzymes relevant for type 2 diabetes (α- 
Amylase and α- Glucosidase) in vitro. In addition, extended storage 
time decreased the content of polyphenols, the main bioactive com-
pounds in tea, which may lead to a decrease on those two enzyme’s 
activities. The inhibitory effects on α- Amylase and α- Glucosidase of 
white tea, especially freshly produced one, provide further experi-
mental evidence for its benefits in diabetes.

ACKNOWLEDG MENTS

This work was supported by the Science and Technology Department 
of Guangdong Province, P. R. China (No. 2016B090918118).

CONFLIC T OF INTERE S T

We declare that we have no conflict of interest.



     |  643XU et al.

E THIC AL S TATEMENTS

The uses of either humans or animals were not applicable in this 
study.

ORCID

Ping Xu  http://orcid.org/0000-0003-1599-7408 

R E FE R E N C E S

Ademiluyi, A. O., & Oboh, G. (2013). Soybean phenolic- rich extracts 
inhibit key- enzymes linked to type 2 diabetes (alpha- amylase and 
alpha- glucosidase) and hypertension (angiotensin I converting en-
zyme) in vitro. Experimental and Toxicologic Pathology, 65, 305–309. 
https://doi.org/10.1016/j.etp.2011.09.005

Alarcon, E., Campos, A. M., Edwards, A. M., Lissi, E., & Lopez-Alarcon, C. 
(2008). Antioxidant capacity of herbal infusions and tea extracts: A 
comparison of ORAC- fluorescein and ORAC- pyrogallol red method-
ologies. Food Chemistry., 107, 1114–1119. https://doi.org/10.1016/j.
foodchem.2007.09.035

Almajano, M. P., Carbó, R., Jiménez, J. A. L., & Gordon, M. H. 
(2008). Antioxidant and antimicrobial activities of tea infu-
sions. Food Chemistry., 108, 55–63. https://doi.org/10.1016/j.
foodchem.2007.10.040

Apostolidis, E., & Lee, C. M. (2010). In vitro potential of Ascophyllum no-
dosum phenolic antioxidant- mediated alpha- glucosidase and alpha- 
amylase inhibition. Journal of Food Science., 75, H97–H102. https://
doi.org/10.1111/j.1750-3841.2010.01544.x

Benzie, I. F., & Strain, J. J. (1999). Ferric reducing/antioxidant power 
assay: Direct measure of total antioxidant activity of biologi-
cal fluids and modified version for simultaneous measurement 
of total antioxidant power and ascorbic acid concentration. 
Methods in Enzymology., 299, 15–27. https://doi.org/10.1016/
S0076-6879(99)99005-5

Bradford, M. M. (1976). A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle of 
protein- dye binding. Analytical Biochemistry., 72, 248–254. https://
doi.org/10.1016/0003-2697(76)90527-3

Camouse, M. M., Domingo, D. S., Swain, F. R., Conrad, E. P., Matsui, M. 
S., Declercq, L., … Baron, E. D. (2009). Topical application of green 
and white tea extracts provides protection from solar- simulated ul-
traviolet light in human skin. Experimental Dermatology., 18, 522–526. 
https://doi.org/10.1111/j.1600-0625.2008.00818.x

Carloni, P., Tiano, L., Padella, L., Bacchetti, T., Customu, C., Kay, A., & 
Elisabetta, D. (2013). Antioxidant activity of white, green and black 
tea obtained from the same tea cultivar. Food Research International, 
53, 900–908. https://doi.org/10.1016/j.foodres.2012.07.057

Damiani, E., Bacchetti, T., Padella, L., Tiano, L., & Carloni, P. (2014). 
Antioxidant activity of different white teas: Comparison of hot and 
cold tea infusions. Journal of Food Composition and Analysis., 33, 59–
66. https://doi.org/10.1016/j.jfca.2013.09.010

Fatmawati, S., Shimizu, K., & Kondo, R. (2011). Ganoderol B: A po-
tent alpha- glucosidase inhibitor isolated from the fruiting body of 
Ganoderma lucidum. Phytomedicine, 18, 1053–1055. https://doi.
org/10.1016/j.phymed.2011.03.011

Gonzalez-Munoz, A., Quesille-Villalobos, A. M., Fuentealba, C., Shetty, 
K., & Galvez Ranilla, L. (2013). Potential of Chilean native corn (Zea 
mays L.) accessions as natural sources of phenolic antioxidants and in 
vitro bioactivity for hyperglycemia and hypertension management. 
Journal of Agricultural and Food Chemistry, 61, 10995–11007. https://
doi.org/10.1021/jf403237p

Guo, Q., Zhao, B. L., Shen, S. R., Hou, J. W., Hu, J. G., & Xin, W. J. (1999). 
ESR study on the structure- antioxidant activity relationship of tea 
catechins and their epimers. Bba- Gen Subjects, 1427, 13–23. https://
doi.org/Doi 10.1016/S0304-4165(98)00168-8

Haenen, G. R. M. M., Paquay, J. B. G., Korthouwer, R. E. M., & Bast, A. 
(1997). Peroxynitrite scavenging by flavonoids. Biochemical and 
Biophysical Research Communications, 236, 591–593. https://doi.
org/10.1006/bbrc.1997.7016

Hilal, Y., & Engelhardt, U. (2007). Characterisation of white tea -  
Comparison to green and black tea. Journal für Verbraucherschutz 
und Lebensmittelsicherheit, 2, 414–421. https://doi.org/10.1007/
s00003-007-0250-3

Islam, M. S. (2011). Effects of the aqueous extract of white tea 
(Camellia sinensis) in a streptozotocin- induced diabetes model 
of rats. Phytomedicine, 19, 25–31. https://doi.org/10.1016/j.
phymed.2011.06.025

Jian-Yong, Z., He-Yuan, J., Hong-Chun, C., Yu, Y., Hong-Yun, L., & Yan, W. 
(2011). The main biochemical components in Pai Mu Tan imperial tea. 
Food Science and Technology, 36, 52–55. https://doi.org/10.13684/j.
cnki.spkj.2011.01.055

Jie, G., Lin, Z., Zhang, L., Lv, H., He, P., & Zhao, B. (2006). Free rad-
ical scavenging effect of Pu- erh tea extracts and their protec-
tive effect on oxidative damage in human fibroblast cells. Journal 
of Agricultural and Food Chemistry, 54, 8058–8064. https://doi.
org/10.1021/jf061663o

Koh, L. W., Wong, L. L., Loo, Y. Y., Kasapis, S., & Huang, D. (2010). 
Evaluation of different tea against starch digestibility by mammalian 
glycosidases. Journal of Agricultural and Food Chemistry, 58, 148–154. 
https://doi.org/10.1021/jf903011g

Mao, J. T., Nie, W. X., Tsu, I. H., Jin, Y. S., Rao, J. Y., Lu, Q. Y., … Serio, 
K. J. (2010). White tea extract induces apoptosis in non–small- cell 
lung cancer cells: The role of peroxisome proliferator- activated 
receptor- {gamma} and 15- lipoxygenases. Cancer Prevention 
Research, 3, 1132–1140. https://doi.org/10.1158/1940-6207.
CAPR-09-0264

Morris, D. L. (1948). Quantitative determination of carbohydrates with 
Dreywood’s anthrone reagent. Science, 107, 254–255. https://doi.
org/10.1126/science.107.2775.254

Nakagawa, T., & Yokozawa, T. (2002). Direct scavenging of nitric oxide 
and superoxide by green tea. Food and Chemical Toxicology, 40, 1745–
1750. https://doi.org/10.1016/S0278-6915(02)00169-2

Nanjo, F., Honda, M., Okushio, K., Matsumoto, N., Ishigaki, F., Ishigami, 
T., & Hara, Y. (1993). Effects of dietary tea catechins on alpha- 
tocopherol levels, lipid peroxidation, and erythrocyte deforma-
bility in rats fed on high palm oil and perilla oil diets. Biological & 
Pharmaceutical Bulletin, 16, 1156–1159. https://doi.org/10.1248/
bpb.16.1156

Oboh, G., Raddatz, H., & Henle, T. (2009). Characterization of 
the antioxidant properties of hydrophilic and lipophilic ex-
tracts of Jute (Corchorus olitorius) leaf. International Journal of 
Food Sciences and Nutrition, 60(Suppl 2), 124–134. https://doi.
org/10.1080/09637480902824131

Paquay, J. B., Haenen, G. R., Stender, G., Wiseman, S. A., Tijburg, L. B., 
& Bast, A. (2000). Protection against nitric oxide toxicity by tea. 
Journal of Agricultural and Food Chemistry, 48, 5768–5772. https://
doi.org/10.1021/jf981316h

Pellegrini, N., Re, R., Yang, M., & Rice-Evans, C. (1999). Screening of di-
etary carotenoids and carotenoid- rich fruit extracts for antioxidant 
activities applying 2,2 ‘- azinobis(3- ethylenebenzothiazoline- 6- sulfon
ic acid radical cation decolorization assay. Method Enzymology, 299, 
379–389. https://doi.org/10.1016/S0076-6879(99)99037-7

Prior, R. L., & Cao, G. H. (1999). In vivo total antioxidant capac-
ity: Comparison of different analytical methods. Free Radical 
Biology & Medicine, 27, 1173–1181. https://doi.org/Doi 10.1016/
S0891-5849(99)00203-8

http://orcid.org/0000-0003-1599-7408
http://orcid.org/0000-0003-1599-7408
https://doi.org/10.1016/j.etp.2011.09.005
https://doi.org/10.1016/j.foodchem.2007.09.035
https://doi.org/10.1016/j.foodchem.2007.09.035
https://doi.org/10.1016/j.foodchem.2007.10.040
https://doi.org/10.1016/j.foodchem.2007.10.040
https://doi.org/10.1111/j.1750-3841.2010.01544.x
https://doi.org/10.1111/j.1750-3841.2010.01544.x
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1111/j.1600-0625.2008.00818.x
https://doi.org/10.1016/j.foodres.2012.07.057
https://doi.org/10.1016/j.jfca.2013.09.010
https://doi.org/10.1016/j.phymed.2011.03.011
https://doi.org/10.1016/j.phymed.2011.03.011
https://doi.org/10.1021/jf403237p
https://doi.org/10.1021/jf403237p
https://doi.org/Doi10.1016/S0304-4165(98)00168-8
https://doi.org/Doi10.1016/S0304-4165(98)00168-8
https://doi.org/10.1006/bbrc.1997.7016
https://doi.org/10.1006/bbrc.1997.7016
https://doi.org/10.1007/s00003-007-0250-3
https://doi.org/10.1007/s00003-007-0250-3
https://doi.org/10.1016/j.phymed.2011.06.025
https://doi.org/10.1016/j.phymed.2011.06.025
https://doi.org/10.13684/j.cnki.spkj.2011.01.055
https://doi.org/10.13684/j.cnki.spkj.2011.01.055
https://doi.org/10.1021/jf061663o
https://doi.org/10.1021/jf061663o
https://doi.org/10.1021/jf903011g
https://doi.org/10.1158/1940-6207.CAPR-09-0264
https://doi.org/10.1158/1940-6207.CAPR-09-0264
https://doi.org/10.1126/science.107.2775.254
https://doi.org/10.1126/science.107.2775.254
https://doi.org/10.1016/S0278-6915(02)00169-2
https://doi.org/10.1248/bpb.16.1156
https://doi.org/10.1248/bpb.16.1156
https://doi.org/10.1080/09637480902824131
https://doi.org/10.1080/09637480902824131
https://doi.org/10.1021/jf981316h
https://doi.org/10.1021/jf981316h
https://doi.org/10.1016/S0076-6879(99)99037-7
https://doi.org/Doi10.1016/S0891-5849(99)00203-8
https://doi.org/Doi10.1016/S0891-5849(99)00203-8


644  |     XU et al.

Ranilla, L. G., Kwon, Y. I., Apostolidis, E., & Shetty, K. (2010). Phenolic 
compounds, antioxidant activity and in vitro inhibitory potential 
against key enzymes relevant for hyperglycemia and hypertension of 
commonly used medicinal plants, herbs and spices in Latin America. 
Bioresource Technology., 101, 4676–4689. https://doi.org/10.1016/j.
biortech.2010.01.093

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1996). Structure- 
antioxidant activity relationships of flavonoids and phenolic 
acids. Free Radical Biology & Medicine., 20, 933–956. https://doi.
org/10.1016/0891-5849(95)02227-9

Samulitis, B. K., Goda, T., Lee, S. M., & Koldovsky, O. (1987). Inhibitory 
mechanism of acarbose and 1- deoxynojirimycin derivatives on 
carbohydrases in rat small intestine. Drugs Under Experimental and 
Clinical Research., 13, 517–524.

Santana-Rios, G., Orner, G. A., Amantana, A., Provost, C., Wu, S. Y., & 
Dashwood, R. H. (2001). Potent antimutagenic activity of white 
tea in comparison with green tea in the Salmonella assay. Mutation 
Research -  Genetic Toxicology and Environmental Mutagenesis, 495, 
61–74. https://doi.org/10.1016/S1383-5718(01)00200-5

Satoh, T., Igarashi, M., Yamada, S., Takahashi, N., & Watanabe, K. 
(2015). Inhibitory effect of black tea and its combination with 
acarbose on small intestinal alpha- glucosidase activity. Journal 
of Ethnopharmacology., 161, 147–155. https://doi.org/10.1016/j.
jep.2014.12.009

Scott, B. C., Butler, J., Halliwell, B., & Aruoma, O. I. (1993). Evaluation 
of the antioxidant actions of ferulic acid and catechins. Free 
Radical Research Communications., 19, 241–253. https://doi.
org/10.3109/10715769309056512

Shetty, K., Curtis, O. F., & Levin, R. E. (1996). Specific interaction of mu-
coid strains of Pseudomonas spp. with oregano (Origanum vulgare) 
clones and the relationship to prevention of hyperhydricity in tis-
sue culture. Journal of Plant Physiology., 149, 605–611. https://doi.
org/10.1016/s0176-1617(96)80341-5

Sohle, J., Knott, A., Holtzmann, U., Siegner, R., Gronniger, E., Schepky, A., 
… Marc, W. (2009) White Tea extract induces lipolytic activity and in-
hibits adipogenesis in human subcutaneous (pre)- adipocytes. Nutrition 
& metabolism. 6, 20. https://doi.org/10.1186/1743-7075-6-20

Wiseman, S. A., Balentine, D. A., & Frei, B. (1997). Antioxidants in tea. 
Critical Reviews in Food Science and Nutrition., 37, 705–718. https://
doi.org/10.1080/10408399709527798

Ye, C. L., & Huang, Q. (2012). Extraction of polysaccharides from herbal 
Scutellaria barbata D. Don (Ban- Zhi- Lian) and their antioxidant activ-
ity. Carbohydrate Polymers., 89, 1131–1137. https://doi.org/10.1016/j.
carbpol.2012.03.084

Yen, W. J., Chyau, C. C., Lee, C. P., Chu, H. L., Chang, L. W., & Duh, P. 
D. (2013). Cytoprotective effect of white tea against H2O2- induced 
oxidative stress in vitro. Food Chemistry., 141, 4107–4114. https://doi.
org/10.1016/j.foodchem.2013.06.106

How to cite this article: Xu P, Chen L, Wang Y. Effect of 
storage time on antioxidant activity and inhibition on 
α- Amylase and α- Glucosidase of white tea. Food Sci Nutr. 
2019;7:636–644. https://doi.org/10.1002/fsn3.899

https://doi.org/10.1016/j.biortech.2010.01.093
https://doi.org/10.1016/j.biortech.2010.01.093
https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.1016/S1383-5718(01)00200-5
https://doi.org/10.1016/j.jep.2014.12.009
https://doi.org/10.1016/j.jep.2014.12.009
https://doi.org/10.3109/10715769309056512
https://doi.org/10.3109/10715769309056512
https://doi.org/10.1016/s0176-1617(96)80341-5
https://doi.org/10.1016/s0176-1617(96)80341-5
https://doi.org/10.1186/1743-7075-6-20
https://doi.org/10.1080/10408399709527798
https://doi.org/10.1080/10408399709527798
https://doi.org/10.1016/j.carbpol.2012.03.084
https://doi.org/10.1016/j.carbpol.2012.03.084
https://doi.org/10.1016/j.foodchem.2013.06.106
https://doi.org/10.1016/j.foodchem.2013.06.106
https://doi.org/10.1002/fsn3.899

